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(54) MOTOR 

(57) In the permanent magnet motor of the present 
invention, assuming that P is an integer not smaller than 
one, then the number of magnetic poles of a rotor 22 is 
set to 2P, and the number of salient poles of a stator 
field core 21 is set to 3P. Then, the salient pole section 
21a of each stator field core 21 is provided with two sup- 
plemental grooves 24. Assuming herein that a salient 
pole magnetic interpolar angle is 49, then the two sup- 
plemental grooves 24 of each salient pole section 21a 
are arranged in positions at angles of 0 and 30 with 
respect to the center of a winding slot 27 in the circum- 
ferential direction of the rotor. With this structure, a fun- 
damental wave component of a cogging torque is 
removed and a permanent magnet motor having a low 
cogging torque is provided. 



Fig .5 
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Description 
TECHNICAL FIELD 

• The present invention relates to a motor magnet 
structure, and in particular, to a permanent magnet 
motor for use in machine tools, garment manufacturing 
machines, robots and the like. 

BACKGROUND ART 

The permanent magnet motor which is one of the 
motors has been conventionally well known. In regard to 
the permanent magnet motor, one whose stator field 
core is provided with a supplemental groove for reduc- 
ing a cogging torque is disclosed in the document of 
Japanese Patent Publication No. SHO 58-42708, and a 
further one whose stator field core is provided with a 
supplemental salient pole and a supplemental groove is 
disclosed in the document of Japanese Patent Publica- 
tion No. HEI 6-81463 and so on. 

Fig. 23A is a view showing an example of the con- 
struction of a prior art permanent magnet motor pro- 
vided with a supplemental groove for reducing the 
cogging torque, while Fig. 24 is an enlarged view show- 
ing the essential part of the motor shown in Fig. 23A. 

As shown in Fig. 23 A, this prior art permanent mag- 
net motor is substantially constructed of a stator field 
core 1 and a rotor 2. In this case, six permanent mag- 
netic poles 3 are fixed on the periphery of the rotor 2. 
That is, the rotor 2 is the permanent magnet rotor. Fur- 
ther, a plurality of supplemental grooves 5 are formed at 
regular intervals in a rotor circumference direction at a 
salient pole section 1a of the stator field core 1. It is to 
be noted that a winding slot 7 is provided between adja- 
cent stator field cores 1 (salient pole sections 1a). 

As shown in Fig. 24, in the above permanent mag- 
net motor, assuming that P is an integer not smaller 
than one, then the number of the permanent magnetic 
poles 3 (magnetic pole count) fixed to the rotor 2 is gen- 
erally set to 2P, and the number of the salient pole sec- 
tions 1a (salient pole count) of the stator field core 1 is 
set to 3P Further assuming that an angle corresponding 
to the length of the stator field core 1 in the rotor circum- 
ference direction is 36, then two supplemental grooves 
5 of the salient pole section 1 a of the stator field core 1 
are arranged so that an angle corresponding to the 
interval in the rotor circumference direction is e. In this 
case, an angle corresponding to the length in the rotor 
circumference direction of each permanent magnetic 
pole 3 is 4.50. In this case, when the supplemental 
grooves 5 are not provided, the degree of the lowest 
common multiple of the number of the permanent mag- 
netic poles 3 (magnetic pole count) and the number of 
the salient pole sections 1a (salient pole count) of the 
stator field core 1 is the cogging torque per rotation of 
the rotor 2, and the cogging torque is 6P (the lowest 
common multiple of 2P and 3P) per rotation in this case. 



, , In contrast to this, when the supplemental grooves 
5 are provided, the salient pole sections are apparently 
increased in number, and the cogging torque is 1 8P (the 
lowest common mulfple of 2P and 3 x 3P) per rotation 
5 in this case. However, in this case, actually a triple 
higher harmonic (the degree of 18P per rotation) is 
superimposed on a fundamental wave (the degree of 6P 
per rotation). 

Specifically, in a case where P = 3, the fundamental 

10 wave of the cogging torque has 18 waves per rotation 
(one wave per 20°). However, a waveform including the 
triple higher harmonic on its fundamental wave results 
since the supplemental grooves 5 are provided as 
shown in Fig. 23B, when a cogging torque waveform 6b 

is does not become a cogging torque having only the 
higher harmonic component of 54 waves per rotation. 

As described above, the apparent cogging torque is 
reduced by incorporating the high-degree components 
into the fundamental wave component of the cogging 

20 torque with the provision of the supplemental grooves at 
regular intervals in the prior art stator field core, how- 
ever, it does not have the optimum supplemental groove 
arrangement capable of sufficiently removing the funda- 
mental wave component. 

25 Furthermore, in the prior art permanent magnet 
motor in which the stator field core is provided with the 
supplemental salient pole section and the supplemental 
groove, there is the problem that the winding is hard to 
be achieved since the supplemental salient pole section 

30 is formed on the stator field core. For the purpose of 
improving this problem, there can be considered a 
measure for dividing the stator field core into a plurality 
of cut type cores. However, in this case, the cores are 
increased in number to incur an increased number of 

35 assembly processes and cause a problem that the 
structural strength of the stator field core is weakened. 

Furthermore, the prior art permanent magnet motor 
has the problem that the torque pulsation increases 
depending on the control system even though its cog- 

40 ging torque is low. 

The present invention has been developed to solve 
the aforementioned conventional problems, and its 
object is to provide a permanent magnet motor having a 
low cogging torque or a permanent magnet motor hav- 

45 ing a reduced torque pulsation capable of arranging 
supplemental grooves in optimum positions and being 
assembled through the assembly processes equivalent 
in number to those of the prior arte while assuring the 
structural strength equivalent to those of the prior arts 

so even when the stator field core is divided into cut type 
cores. 

DISCLOSURE OF THE INVENTION 

55 According to the motor of the present invention 
developed for solving the aforementioned problems, 
assuming that N is an odd number not smaller than 
three, then the slot angle of the salient pole section of 
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the stator field core is set to 1/N with respect to the 
angle of the permanent magnet magnetic pole of the • 
- permanent magnet rotor when no supplemental groove 
is provided. When a supplemental groove is provided, 
assuming that P is an integer not smaller than one, then 5 
the number of the permanent magnet magnetic poles 
(magnetic pole count) of- the rotor is set to 2P. the 
nunioer of the salient pole sections (salient pole count) 
of the stator field core is set to 3P and the salient pole 
section of each stator field core is provided with two w 
supplemental grooves. When the angular interval 
between salient pole sections is 46, the supplemental 
grooves are arranged in positions at angles of 9 and 39 
with respect to the center of the winding slot. With this 
arrangement a motor having a low cogging torque is 15 
obtained. 

Furthermore, with a skew structure corresponding 
to motor control, a permanent magnet motor having a 
low cogging torque or a permanent magnet motor hav- 
ing a small torque pulsation can be obtained. 20 

More specifically, according to a first aspect of the 
present invention, there is provided a motor character- 
ized in that the nurrfoer of permanent magnet magnetic 
poles of a rotor (magnetic pole count) is set to 2P and 
the number of salient poles of a stator field core (salient 2s 
pole count) is set to 3P with respect to an integer P of 
not smaller than one and a slot angle of a salient pole 
section of the stator field core is set to 1/N of the angle 
of one permanent magnet magnetic pole with respect to 
an odd number N of not smaller than three. In this 30 
motor, a force exerted in the circumferential direction on 
the stator magnetic pole surface is balanced in any 
position during the rotation at each salient pole section. 
Thus, according to the first aspect of the present inven- 
tion, a permanent magnet motor having a low cogging 35 
torque can be provided when the stator field core is 
either an integrated type core or a divided type core. 

According to a second aspect of the present inven- 
tion, there is provided a motor characterized in that the 
number of permanent magnet magnetic poles of a rotor 40 
is set to 2P and the number of salient poles of a stator 
field core is set to 3P with respect to an integer P of not 
smaller than one, the salient pole section of each stator 
field core is provided with two supplemental grooves, 
and assuming that an angular interval between salient 45 
pole sections is 49, then the two supplemental grooves 
are arranged in positions at angles of 9 and 39 with 
respect to a center of a winding slot in the circumferen- 
tial direction of the rotor. In this motor, since the supple- 
mental grooves are provided, the area lacing the so 
magnetic pole can be widened. Thus, according to the 
second aspect of the present invention, the torque can 
be increased while suppressing the cogging torque. 

In the motor of the second aspect, it is preferred 
that the two supplemental grooves have their centers 55 
arranged in the positions at angles of 9 and 39 with 
respect to the center of the winding slot in the circumfer- 
ential direction of the rotor. In this case, the positions of 



the supplemental grooves become more appropriate, so 
that the cogging torque can be further reduced. With 
this appropriate arrangement, the cogging torque can 
be effectively suppressed. 

In the motor of the second aspect, the two supple- 
mental grooves may have their end portions on the siali- 
ent pole magnetic pole center side arranged in the 
positions at angles of 9 and 39 with respect to the center 
of the winding slot in the circumferential direction of the 
rotor. In this case, the positions of tiie supplemental 
grooves become more appropriate, so that the cogging 
torque can be further reduced. With this appropriate 
arrangement the cogging torque can be effectively sup- 
pressed. 

In the motor of the second aspect, the two supple- 
mental grooves may have thieir end portions on the 
winding slot side arranged respectively in the positioris 
at angles of 9 and 39 with respect to the center of the 
winding slot in the circumferential direction of the rotor. 
Also in this case, the positions of the supplemental 
grooves become more appropriate, so that the cogging 
torque can be further reduced. With this appropriate 
arrangement the cogging torque can be effectively sup- 
pressed. 

In each of the aforementioned motors, it is preferred 
that the permanent magnet rotor is skewed within a 
range of not smaller than 0.4 time to not greater than 
one time the slot pitch y of the salient pole section of the 
stator field core. In this case, the torque pulsation is 
reduced by the skew structure. 

In this case, it is further preferred that the perma- 
nent magnet rotor is skewed by 5/6 times the slot pitch y 
of the salient pole section of the stator field core. In this 
case, the induction voltage of the motor can be made to 
have a trapezoidal waveform. By thus making the induc- 
tion voltage of the motor have a trapezoidal waveform, a 
torque ripple occurring in the electrifying stage can be 
suppressed. 

Furthermore, it is also preferred that the permanent 
magnet rotor is skewed by 0.5 time the slot pitch y of the 
salient pole section of the stator field core. In this case, 
the induction voltage of the motor can be made to have 
a sine waveform. By thus making the induction voltage 
of the motor have a sine waveform, a torque ripple 
occurring in the electrifying stage can be suppressed. 

Furthermore, the permanent magnet rotor may be 
skewed by 0.47 time the slot pitch y of the salient pole 
section of the stator field core. In this case, the induction 
voltage of the motor can be made to have a sine wave- 
form. By thus making the induction voltage of the motor 
have a sine waveform, a torque ripple occurring in the 
electrifying stage can be suppressed. 

In each of the aforementioned motors, it is preferred 
that a width a of the winding slot of the stator field core 
and a width p of the supplemental groove, which are 
facing the rotor, are set within a range of 0.5a < p < 
1 .5a. In this case, the cogging torque can be reduced 
and the shape of the stator field core can be freely 
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' formed. Consequently, the cogging torque can be sup- 
pressed and the motor can be easily manufactured. 

Furthermore, the width a of the winding slot of the 
~ stator field core and the width p of the supplemental 
groove, which are facing the permanent magnet rotor, 
may be set so that a = p. In this case, the width of the 
winding slot becomes appropriate, so that the cogging 
torque can be further reduced. Eventually, the cogging 
torque can be suppressed and the motor can be easily 
manufactured. 

In each of the aforementioned motors, assuming 
that the radius of the stator field core surface facing the 
permanent magnet rotor is r, then it is preferred that a 
width Wt of the salient pole section of the stator field 
core is set so that Wt > 3 • r • cose . In this case, the 
torque of the motor is increased, so that the cogging 
torque can be further reduced. Eventually, a motor of 
which the torque is great and the cogging is reduced 
can be provided. 

Furthermore, in each of the aforementioned 
motors, it is preferred that a minimum width Wy of the 
salient pole section of a yoke section between salient 
pole sections of the permanent magnet stator field core 
and a width Wt of the salient pole section are set so that 
2 • Wy £ Wt . In this case, the magnetic flux of the iron 
core smoothly flows, so that the torque of the motor is 
increased. 

'BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing the structure of a perma- 
nent magnet motor according to a first embodiment 
of the present invention; 

Fig. 2 is an enlarged view of the essential part of 
the permanent magnet motor shown in Fig. 1 ; 
Fig. 3 is a chart for explaining the principle that no 
cogging torque is generated in the permanent mag- 
net motor shown in Fig. 1 ; 
Fig. 4A is a view showing the structure of a perma- 
nent magnet motor according to a second embodi- 
ment of the present invention; Fig. 4B is a graph 
showing a relation between an angle of rotation and 
a oogging torque in the permanent magnet motor 
shown in Fig. 4A; 

Fig. 5 is an enlarged view of the essential part of 
the permanent magnet motor shown in Fig. 4A; 
Fig. 6 is a chart for explaining the principle that no 
cogging torque is generated in the permanent mag- 
net motor shown in Fig. 4A; 
Fig. 7 is a view for explaining a skew angle accord- 
ing to the present invention; 
Fig. 8 is a graph showing the variation characteris- 
tic of a line induction voltage in a case where the 
skew angle of the present invention is varied in a 
variety of ways; 

Fig. 9 is a chart for explaining the principle that no 
cogging torque is generated in a permanent mag- 
net motor according to a third embodiment of the 



present invention; 

Rg. 1 0A is a view showing the structure of one per- 
manent magnet motor of the third embodiment of 
the present invention; Fig. 1 0B is a graph showing a 
s relation between ah angle of rotation and a cogging 
torque in the permanent magnet motor shown in 
Fig. 10A; 

Fig. 1 1 A is a view showing the structure of another 
permanent magnet motor of the third embodiment 
io of the present invention; Rg. 1 1 B is a graph show- 
ing a relation between an angle of rotation and a 
cogging torque in the permanent magnet motor 
shown in Rg. 11 A; 

Rg. 12A is a view showing the structure of another 

is permanent magnet motor of the third embodiment 
of the present invention; Rg. 12B is a graph show- 
ing a relation between an angle of rotation and a 
cogging torque in the permanent magnet motor 
shown in Rg. 12A; 

20 Rg. 13A is a view showing the structure of another 
permanent magnet motor of the third embodiment 
of the present invention; Rg. 13B is a graph show- 
ing a relation between an angle of rotation and a 
cogging torque in the permanent magnet motor 

25 shown in Rg. 13A; 

Rg. 1 4A is a view showing the structure of another 
permanent magnet motor of the third embodiment 
of the present invention; Rg. 14B is a graph show- 
ing a relation between an angle of rotation and a 

30 cogging torque in the permanent magnet motor 
shown in Fig. 14A; 

Rg. 15A is a view showing the structure of another 
permanent magnet motor of the third embodiment 
of the present invention; Rg. 15B is a graph show- 
35 ing a relation between an angle of rotation and a 
cogging torque in the permanent magnet motor 
shown in Fig. 15A; 

Rg. 16 is a view showing the structure of a perma- 
nent magnet motor according to a fourth embodi- 

40 merit of the present invention; 

Rg. 17 is an enlarged view of the essential part of 
the permanent magnet motor shown in Rg. 16; 
Rg. 18 is a chart for explaining the principle that no 
cogging torque is generated in the permanent mag- 

45 net motor shown in Rg. 1 6; 

Rg. 1 9 is a chart for explaining the effect of a mod- 
ification example of the permanent magnet motor 
shown in Rg. 16; 

Rg. 20 is a view showing the structure of a perma- 
so nent magnet motor according to a fifth embodiment 
of the present invention; 

Rg. 21 is an enlarged view of the essential part of 
the permanent magnet motor shown in Rg. 20; 
Rg. 22 is a view for explaining the effect of a modi- 
55 ficatidn example of the permanent magnet motor 
shown in Fig. 20; 

Rg. 23A is a view showing the structure of a prior 
art permanent magnet motor; Fig. 23B is a graph 
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showing a relation between an angle of rotation and 
a cogging torque in the permanent magnet motor 
shown in Fig. 23A; and 

Fig. 24 is an enlarged view of the essential part of 
the permanent magnet motor shown in Fig. 23A. 

BEST MODE FOR CARRYING OUT THE INVENTION 

(First Embodiment) * 

Fig. 1 is a sectional view of a permanent magnet 
motor of a 6-pole 9-slottype, while Fig. 2 is an enlarged 
view of the essential part of this motor. As lshowii in Fig. 

I p this motor is provided with a stator in which nine sta- 
tor field cores 11 are assembled into a circular arc 
shape. Each of the stator field cores 11 is provided with 
a salient pole section 1 1a which is formed so as to pro- 
trude toward the center side of the motor. In this case, a 
rotor 12 (permanent magnet rotor) is arranged in a 
space inside the ring-shaped stator, where six perma- 
nent magnet magnetic poles 13 are fixed in a circular 
arc shape on the peripheral portion of this rotor 12. A 
winding is wound around a winding slot 17 provided 
between adjacent two stator field cores 1 1 . When a cur- 
rent is made to flow through this winding, the rotor 12 
rotates to drive the motor. 

As shown in Fig. 2, an angle e between a straight 
line which extends through the center of the rotor 12 
(rotor center) and a contact surface of adjacent two sta- 
tor field cores 11 and a straight line which extends 
through the rotor center and a tip comer portion of the 
salient pole section 1 1a is referred to as a "slot angle 0" 
of the salient pole section 1 1a. It is to be noted that the 
term "angle" means the central angle of the rotor 12 
when singly used. As is apparent from Fig. 2, an angle 
of the permanent magnet magnetic pole 13 with respect 
to the length (circular arc portion) in the rotor circumfer- 
ence direction is set to 66, an angle of the stator field 
core 1 1 with respect to the length in the rotor circumfer- 
ence direction is set to 46, and an angle of a tip portion 
of the salient pole section 1 1 a with respect to the length 
in the rotor circumference direction is set to 26. 

Fig. 3 shows a relative positional relation between 
the permanent magnet magnetic pole 1 3 and the salient 
pole section 1 1 a erf the stator field core 1 1 . In the graph 
of a slot function shown in Fig. 3, the function value of 
the winding slot 17 is defined as one, and the function 
value of the stator field cores 1 1 is defined as zero. In 
the graph of the stator field cores (A) through (C) are 
shown forces F exerted on the stator field cores 1 1 . An 
attracting force is exerted between the stator field cores 

I I and the permanent magnet magnetic poles 13, and 
the rotor 1 2 is rotated by this attracting force. A cogging 
torque is generated due to an unbalance of a compo- 
nent force in the circumferential direction of this attract- 
ing force. 

A force exerted on a pair of magnetic poles will be 
described below with a force in the rotor circumference 



direction expressed by Fx with reference to Fig. 3. In 
• , regard.to the iron core 1 ia and an iron core lie of the 
stator field core (A), a'fbrce -Fx 1 and a force F^ in the 
rotor circumference direction are balanced with each 

5 other, and a force Fx 2 and a force -Fx 2 in the rotor cir- 
cumference direction are balanced with each other. Fur- 
ther, in regard to an iron core 11b, a force -Fx 3 and a 
force FX3 in the rotor circumference direction are bal- 
anced with each other. Therefore, the force in the rotor 

10 drcumferehce direction, i.e., the cogging torque is not 
generated in the stator field core (A). 

When the stator field core 11 and the permanent 
magnet rotor 12 rotate relatively to each other to enter 
into a state Of a stator field core (B), a force ^Fx4 and a 

15 force FX4 in the rotor circumference direction are bal- 
anced with each other in regard to an iron core 11 d and 
an iron core 11e. in regard to the iron core 1 1d and an 
iron core 1 1f, a force Fx 5 and a force -Fx 5 in the rotor cir- 
cumference direction are balanced with each other. In 

20 regard to the iron core 1 1 e and the iron core 1 1f, a force 
-Fxg and a force Fxe in the circumferential direction are 
balanced with each other. Therefore, the force in the cir- 
cumferential direction, i.e., the cogging torque is not 
generated. 

25 When this is considered in terms of the slot func- 
tion, a negative force is exerted in the rotor circumfer- 
ence direction at a point where the slot function 
changes from one to zero, while a positive force is 
exerted in the rotor circumference direction at a point 

30 where the slot function changes from zero to one. 
Therefore, if the slot function on the north pole side and 
the slot function on the south pole side are identical to 
each other when the function value of the slot function 
on the south pole side is changed from zero to one with 

35 the slot function on the north pole side fixed, no force is 
consequently generated in the circumferential direction. 
Therefore, in an attempt at generating such an effect in 
this motor, assuming that P is an integer not smaller 
than one, then the number of the permanent magnet 

40 magnetic poles 1 3 (magnetic pole count) of the rotor 1 2 
is set to 2P and the number of the salient pole sections 
1 1a (salient pole count) of the stator field core 11 is set 
to 3R Assuming that N is an odd number not smaller 
than three, then the slot angle of the salient pole section 

45 t : la of the stator field core 1 1 is set to 1/N of the angle 
corresponding to the lengtfr in the rotor circumference 
direction of the permanent magnet magnetic pole 13. 

Although the construction of the motor of the 6-pole 
9-slot type motor is shown in this first embodiment, the 

so present invention is not limited to such a motor, and it is 
a matter of course that it can be similarly applied to, for 
example, motors of a 4-pole 6-slbt type, an 8-pole 12- 
slot type, a 10-pole 15-slot type and the like. 

Although this first embodiment employs the perma- 

55 nent magnet magnetic poles 1 3 as the magnetic poles 
of the rotor 12, the magnetic poles are not always 
required to be permanent magnets, and it may be a one 
which has its surface covered with a resin or iron and is 
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internally provided with a permanent magnet or a on§ in 
which a magnetic pole is formed by flowing a current by 
a winding. 

(Second Embodiment) 

Fig. 4A shows a sectional view of a permanent 
magnet motor of a 6-pole 9-slot type provided with a 
supplemental groove positioned in portions which 
belong to the tip portion of the salient pole section and 
are separated from the center of the winding slot by an 
angle of 10° and 30° in the circumferential direction. Fig. 
5 shows an enlarged view of the essential part of this 
motor. 

As shown in Fig. 4A, this motor is provided with a 
stator in which nine stator field cores 21 are assembled 
into a circular arc shape. Each of the stator field cores 
21 (stator) is provided with a salient pole section 21a 
which is formed so as to protrude toward the center side 
(rotor center side) of the motor. A rotor 22 (permanent 
magnet rotor) is arranged in a space inside the ring- 
shaped stator, and six permanent magnet magnetic 
poles 23 are fixed in a circular arc shape on the periph- 
eral portion of this rotor 22. A winding is wound around 
a winding slot 27 provided between adjacent two stator 
field cores 21 . When a current is made to flow through 
this winding, the rotor 22 rotates to drive the motor. A tip 
portion of each salient pole section 21 a, i.e., its surface 
facing the rotor 22 (permanent magnet magnetic pole 
23) is provided with two supplemental grooves 24. 

As shown in Fig. 5, the slot angle e of the salient 
pole section 21a is defined as an angle between a 
straight line which extends through the center (rotor 
center) of the rotor 22 and the center of the supplemen- 
tal groove 24 and a straight line which extends through 
the rotor center and the center of the winding slot 27 of 
the stator field cores 21. In this motor, an angle of the 
permanent magnet magnetic pole 23 of the rotor 22 with 
respect to the length (circular arc portion) in the rotor 
circumference direction is set to 66, an angle of the sta- 
tor field core 21 with respect to the length in the rotor cir- 
cumference direction is set to 46, and an angle 
corresponding to an interval in the rotor circumference 
direction between both the supplemental grooves 24 of 
the salient pole section 21a is set to 26. 

Fig. 6 shows a relative positional relation between 
the permanent magnet magnetic pole 23 and the salient 
pole section 21a of the stator field core 21. If the slot 
function and the fundamental wave of the slot function 
shown in Fig. 6 are combined with each other, a slot 
function which causes almost no cogging torque as 
shown in Fig. 4B can be obtained. That is, by providing 
the salient pole section 21a of the stator field core 21 
with the supplemental grooves 24, the fundamental 
wave component of the cogging torque can be 
removed, and accordingly the cogging torque which is 
actually generated is only the higher harmonic compo- 
nent of the slot function. As described above, in the 



. motor of this second embodiment the cogging torque is 
reduced by virtue of the provision of the supplemental 
grooves 24. 

In this motor, assuming that P is an integer not 
s smaller than one, then the number of the permanent 
magnet magnetic poles 23 (magnetiapole count) of the 
rotor 22 is set to 2P and the number of the salient pole 
sections 21a (salient pole count) of the stator field core 
21 is set to 3P. As stated before, the salient pole see- 
to tons 21 a of the stator field cores 21 are each provided 
with two supplemental grooves 24. Assuming that an 
angle between the magnetic poles is 46, then the. cent- 
ers of the two supplemental grooves 24 are arranged in 
a position at an angle 6 and a position at an angle 36 
is with respect to the center of the winding slot 27 when 
viewed in the rotor circumference direction. 

In the motor of the second embodiment, a width p of 
the supplemental groove 24 in the rotor circumference 
direction is set within a range of not smaller than 0.5 
20 time to not greater than 1.5 times the width a of the 
winding slot 27 in the rotor circumference direction. With 
this arrangement, an effect of cancelling the fundamen- 
tal wave of the cogging torque by the supplemental 
grooves 24 is improved, so that the cogging torque is 
25 further reduced. In this case, it is specifically preferable 
to set the width a of the winding slot 27 equal to the 
width p of the supplemental groove 24, namely satisfy- 
ing a = p . 

When driving this permanent magnet motor by a 

30 sine wave, the torque pulsation can be further reduced 
by skewing (giving a bias to) the permanent magnet 
magnetic pole 23 by one half of a slot pitch y, or by mak- 
ing the skew angle one half of the slot pitch y. 

Fig. 7 is a view for explaining the skew angle, and <t> 

35 represents the skew angle and y represents the slot 
pitch in Fig. 7. 

Fig. 8 is a graph showing line induction voltage 
waveforms when the skew angle is varied. When a rec- 
tangular wave drive is used as a control system of the 

40 permanent magnet motor, no torque pulsation is gener- 
ated so long as a torque pulsation characteristic (corre- 
sponding to the line induction voltage waveform) owned 
by the permanent magnet motor is flat in a control posi- 
tion corresponding to the flat portion of the rectangular 

45 wave. The line induction voltage waveform, which also 
varies depending on the drive electrification system of 
the rectangular wave, becomes a trapezoidal wave as 
the skew angle is increased as is apparent from Fig. 8, 
when an effect that the torque pulsation is reduced and 

so the cogging torque is reduced is generated. As stated 
before, in the motor of the second embodiment, the 
magnetic pole count of the rotor 22 is set to 2P (P is an 
integer not smaller than one) and the salient pole count 
of the stator field cores 21 is set to 3P. When the rectan- 

55 guiar wave drive of a 120°-electrification system is used 
as the control system, it is preferable to make the per- 
manent magnet rotor 22 have a structure in which it is 
skewed within a range of not smaller than 0.4 time to not 
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greater than one time the slot pitch of the stator field 
cores 21 . It is specifically preferable to make 5/6 times 
the skew. 

By performing such a skew on the permanent mag- 
net motor whose cogging torque is reduced by the sup- 
plemental grooves 24, the cogging torque can be further 
reduced. 

Although the motor of this second embodiment 
employs the permanent magnet magnetic poles 23 as 
the magnetic poles of the rotor 22, the magnetic poles 
are not limited to the permanent magnets. For example, 
it may be a one which has its surface covered with a 
resin or iron arid is internally provided with a permanent 
magnet or a one in which a magnetic pole is formed by 
flowing a current by a winding. 

(Third Embodiment) 

In a motor of this third embodiment, each salient 
pole section is provided with three or more supplemen- 
tal grooves as shown in, for example, Fig. 10A. 

Fig. 9 shows a relative positional relation between 
the permanent magnet magnetic pole 33 and the salient 
pole section 31 a of the stator field core 31 provided with 
supplemental grooves 34. Then, in the graph of the slot 
function in Fig. 9, the slot function value is defined as 
one in regard to the winding slot, and the slot function 
value is defined as zero in regard to the iron core. Even- 
tually, if the slot function is drawn and the fundamental 
wave of the slot function is drawn, a slot function having 
no cogging torque as shown in Fig. 6 results. 

That is, by providing the salient pole section 31a of 
this stator field core 31 with the supplemental grooves 
34 and 35 as shown in Fig. 9, the fundamental wave 
component of the cogging torque can be removed. In 
this case, the cogging torque which is actually gener- 
ated is the higher harmonic component due to the slot 
functions of the supplemental grooves 34 and the sup- 
plemental groove 35, generating an effect that the cog- 
ging torque is reduced. In the motor of this third 
embodiment, assuming that P is an integer not smaller 
than one, then the magnetic pole count of the rotor 32 
(permanent magnet rotor) is set to 2P and the salient 
pole count of the stator field cores 31 is set to 3P. Then, 
the salient pole section 31a of each stator field core 31 
is provided with three or more supplemental grooves 34 
and 35. In this case, assuming that an angle corre- 
sponding to the length in the rotor circumference direc- 
tion of the stator field core 31 is 46, then the centers of 
the two supplemental grooves among the supplemental 
grooves provided at the salient pole section 31a of the 
stator field core 31 are arranged in positions at angles of 
0 and 38 with respect to the center of the winding slot 
when viewed in the rotor circumference direction, and 
the other supplemental grooves are each arranged in an 
arbitrary position. 

In the motor of the third embodiment, the width p in 
the rotor circumference direction of the supplemental 



groove 34 is set within a range of not smaller than 0.5 

. , time to not greater than 1 .5 times the width a in the rotor 
circumference direction of the winding slot 37 of the sta- 
tor field cores 31 facing the rotor 32. With this arrange- 

5 ment, an effect of cancelling the fundamental wave of 
the cogging torque by the supplemental grooves 34 is 
improved, so that the cogging torque is further reduced. 
In this case, it is specifically preferable to set the width a 
of the winding slot 37 equal to the width p of the suppfe- 

io mental grooves 34, namely satisfying a = p . 

When driving this permanent magnet motor by a 
sine wave, the torque pulsation can be further reduced 
by skewing the permanent magnet magnetic pole 33 by 
one half of the slot pitch, or by making the skew angle 

is one half of the slot pitch. 

A variety of preferable configurations of the supple- 
mental groove in the motor of this third embodiment can 
be considered, and a representative configuration of the 
supplemental groove will be described below. 

20 In a motor of the 6-pole 9-slot type shown in Fig. 
10A, the salient pole section 31a of each stator field 
core 31 is provided with three supplemental grooves 34, 
35a and 34 for the purpose of reducing the cogging 
torque, and the supplemental grooves are arranged in 

25 positions at angles of 10°, 20° and 30°, respectively, 
with respect to the winding slot center. The supplemen- 
tal groove 35a arranged in the middle of the three sup- 
plemental grooves 34, 35a and 34 of the salient pole 
section 31 a is positioned at the center of the salient pole 

30 section 31a when viewed in the rotor circumference 
direction. Fig. 10B shows a variation characteristic of 
the cogging torque of the motor shown in Fig. 10A with 
respect to the angle of rotation. 

In a motor of the 6-pole 9-slot type shown in Fig. 

35 11A. the salient pole section 31a of each stator field 
core 31 is provided with four supplemental grooves 35c, 
34, 34 and 35c for the purpose of reducing the cogging 
torque, and the supplemental grooves are arranged in 
positions at angles of 5°, 10°, 30° and 35°, respectively, 

40 with respect to the winding slot center. Fig. 11B shows 
a variation characteristic of the cogging torque of the 
motor shown in Fig. 1 1 A with respect to the angle of 
rotation. 

In a motor of the 6-pole 9-slot type shown in Fig. 

45 12A, the salient pole section 31a of each stator field 
core 31 is provided with five supplemental grooves 34, 
35a, 35b, 35a and 34 for the purpose of reducing the 
cogging torque, and the supplemental grooves are 
arranged in positions at angles of 10°, 15°, 20°, 25° and 

so 30°, respectively, with respect to the winding slot center. 
Fig. 12B shows a variation characteristic of the cogging 
torque of the motor shown in Fig. 12A with respect to 
the angle of rotation. 

In a motor of the 6-pole 9-slot type shown in Fig. 

55 13A, the salient pole section 31a of each stator field 
core 31 is provided with five supplemental grooves 35c, 
34, 35a, 34 and 35c for the purpose of reducing the cog- 
ging torque, and the supplemental grooves are 
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arranged in positions at angles Off 5°, 10°, 20°. 30° gnd 
35°, respectively, with respect to the winding slot center. 
Fig. 13B shows a variation characteristic of the cogging 
' torque of the motor shown in Fig. 13A with respect to 
the angle of rotation. 

In a motor of the 6-pole 9-sjot type shown in Fig. 
14A, the salient pole section 31a of each stator field 
core 31 is provided with six supplemental grooves 35c, 
34, 35b, 3$), 34 and 35c for the purpose of reducing the 
cogging torque, and the supplemental grooves are 
arranged in positions at angles of 5°, 10°, 15°, 25°, 30° 
and 35°, respectively, with respect to the winding slot 
center. Fig. 14B shows a variation characteristic of the 
cogging torque of the motor shown in Fig. 14A with 
respect to the angle of rotation. 

In a motor of the 6-pole 9-slot type shown in Fig. 
15A, the salient pole section 31a of each stator field 
core 31 is provided with seven supplemental grooves 
35c, 34, 35b, 35a, 35b, 34 and 35c for the purpose of 
reducing the cogging torque, and the supplemental 
grooves are arranged in positions at angles of 5°, 10°, 
15°, 20°, 25°, 30° and 35°, respectively, with respect to 
the winding slot center. Fig. 1 5B shows a variation char- 
acteristic of the cogging torque of the motor shown in 
Fig. 15A with respect to the angle of rotation. 

(Fourth Embodiment) 

Fig. 16 is a sectional view of a permanent magnet 
motor of ah 8-pole 12-slot type according to a fourth 
embodiment of the present invention. Fig. 17 is an 
enlarged view of the essential part of the motor shown 
in Fig. 16. 

As shown in Fig. 1 6 and Fig. 1 7, in this motor, a sali- 
ent pole section 41b of each stator field core 41 is pro- 
vided with two supplemental grooves 44a for the 
purpose of reducing the cogging torque, and these two 
supplemental grooves 44a are arranged so that the end 
portion on the salient pole magnetic pole center side is 
positioned at angles of 7.5° and 22.5°, respectively, with 
respect to the winding slot center when viewed in the 
rotor circumference direction. 

This motor is provided with a stator in which twelve 
stator field cores 41 are assembled into a circular arc 
shape or a semicylindrical shape. Then, each stator 
field core 41 (stator) is provided with a salient pole sec- 
tion 41b which is formed so as to protrude toward the 
center side (rotor center side) of the motor. A rotor 42 
(permanent magnet rotor) is arranged in a space inside 
the ring-shaped stator, and eight permanent magnet 
magnetic poles 43 are fixed in a circular arc shape on 
the peripheral portion of this rotor 42. A winding is 
wound around a winding slot 47 provided between adja- 
cent two stator field cores 41 . When a ciirrent is made 
to flow through this winding, the rotor 42 rotates to drive 
the motor. A tip portion of each salient pole section 41b, 
i.e., its surface (opposite surface) feeing the rotor 42 
(permanent magnet magnetic pole 43) is provided with 



. two supplemental grooves 44a. 

Then, in this motor, as is apparent from Fig. 17, the 
slot angle e of the salient pole section 41b is defined as 
an angle between a straight line which extends through 

s the center (rotor center) of the rotor 42 arid an end por- 
tion on the salient pole section center side of the supple- 
mental groove 44a and a straight line which extends 
through the rotor center and the center of the winding 
slot 47 of the stator field cores 41. In this motor, an 

10 angle of the rotor 42 with respect to the length (circum- 
ference arc portion) in the rotor circumference direction 
of each permanent magnet magnetic pole 43 is set to 
68, an angle of the stator field core 41 with respect to 
the length in the rotor circumference direction is set to 

is 40, and an angle corresponding to an interval (salient 
pole magnetic pole interval) in the rotor circumference 
direction between both the salient pole section center 
side end portions of both the supplemental grooves 44a 
of the salient pole section 41b is set to 26. 

20 Fig. 18 shows a principle in removing the greatest 
fundamental wave component when the cogging torque 
component is subjected to a higher harmonic analysis. 
Fig. 18 also shows a force F exerted on the stator f ieid 
cores (A), (B) and (C) when the permanent magnet 

25 magnetic pole 43 and the stator field core 41 are 
changed in position in a permanent magnet motor in 
which the permanent magnet magnetic pole 43, the 
salient pole section 41b of the stator field core 41 arid a 
winding slot 47 are arranged in a relative angular rela- 

30 tion of 36 : 0 : 6. 

In the graph of the slot function shown in Fig. 18, 
the function value is defined as one in regard to the slot 
(winding slot 47), and the function value is defined as 
zero in regard to the iron core (stator field core 41). In 

35 the graph of the stator field cores (A) through (C) is 
shown a force F exerted on the stator field core 41. In 
this case, an attracting force is exerted between the sta- 
tor field core 41 and the permanent magnet magnetic 
pole 43, and the rotor 42 is rotated by this attracting 

40 force. A cogging torque is generated due to an unbal- 
ance of the component force in the circumferential 
direction of this attracting force. 

A force exerted on a pair of magnetic poles will be 
described below with the force in the rotor circumfer- 

45 ence direction expressed by Fx with reference to Fig. 
18. In regard to the iron core 41a and the iron core 41c 
of the stator field core (A), a force -Fx 1 and a force Fx 1 
in the rotor circumference direction are balanced with 
each other, and a force Fx 2 and a force -FX2 in the rotor 

so circumference direction are balanced with eiach other. In 
regard to ah iron core 41b, a forcfe -Fxg and a force FX3 
in the rotor circumference direction are balanced with 
each othen Therefore, the force in the rotor circumfer- 
ence direction, i.e., the cogging torque is not generated 

55 in the stator field core (A) . 

In the stator field core (B), a force -FX4 and a force 
F*4 in the rotor circumference direction are balanced 
with each other in regard to ah iron core 41 d and an iron 
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core 41 e. In regard to the iron core 41d and an iron core 
41 f, a force FX5 and a force -Fx 5 in the rotor circumfer- 1 
: ence direction are balanced with each other. In regard 
to the iron core 41 e and the iron core 41 f, a force -Fxe 
and a force Fxq in the rotor circumference direction are 5 
" balanced with each other. Therefore, the force in the 
rotor circumference direction, i.e., the cogging torque is 
not generated. 

Further, in the stator field core (C), a force -Fx 7 and 
a force Fx 7 in the rotor circumference direction are bal- 10 
anced with each other in regard to an iron core 41 g. In 
regard to an iron core 41 h and an iron core 41 i, a force 
-Fxs and a force Fxs in the rotor circumference direction 
are balanced with each other, and a force Fxg and a 
force -Fxg in the rotor circumference direction are bal- 15 
anced with each other. Therefore, the force in the cir- 
cumferential direction, i.a, the oogging torque is not 
generated in the stator field core (C). 

When this is considered in terms of the slot func- 
tion, a negative force is exerted in the rotor circumfer- 20 
ence direction at a point where the slot function 
changes from one; to zero, while a positive force is 
exerted in the rotor circumference direction at a point 
where the slot function changes from zero to one. That 
is, if the slot function on the north pole side and the slot 25 
function on the south pole side are identical to each 
other when the zero and one of the slot function on the 
south pole side are exchanged with each other with the 
slot function on the north pole side fixed, no force is 
generated in the circumferential direction. With this 30 
arrangement, the fundamental wave component of the 
cogging torque can be removed. However, since there 
are few saHent pole sections 41b which belong to the 
stator field core 41 and face the permanent magnet 
magnetic pole 1 43, and therefore, a torque exerted on 35 
the rotor 42 becomes small. 

Fig. 19 shows a relative positional relation and a 
relation of force between the permanent magnet mag- 
netic pole 43 and the salient pole section 41b in a motor 
in which a magnetic field of the permanent magnet 40 
magnetic pole 43 is effectively utilized by increasing the 
area of the salient pole section 41b of the stator field 
core 41 facing the permanent magnet magnetic pole 43 
and a supplemental groove is provided for reducing the 
cogging torque. In this case, if its slotfunction G 11= is as 
drawn, this slot function can be separated into a 
fundamental wave component G 10 which causes no 
cogging torque shown in Rg. 18 and a higher harmonic 
component -G 11M . Therefore, the greatest fundamental 
wave component can be removed when the cogging so 
torque component is subjected to a higher harmonic 
analysis. In this case, the cogging torque which is actu- 
ally generated is the higher harmonic component of the 
slot function. With this groove arrangement, the cogging 
torque is reduced. 55 

In the motor of this fourth embodiment, assuming 
that P is an integer not smaller than one, then the mag- 
netic pole count of the rotor 42 is set to 2P and the sali- 



ent pole count of the stator field cores 41 is set to 3P. 
Then, as stated before, the salient pole section 41b of 
each stator field core 41 is provided with two supple- 
mental grooves 44a. Assuming that an angle between 
the salient pole magnetic poles is 46, then the two sup- 
plemental grooves 44a are arranged so that the end 
portions on the salient pole magnetic pole center side 
are positioned at angles of e and 30 with respect to the 
center of the winding slot 47 when viewed in the rotor 
circumference direction. 

In the motor of the fourth embodiment, it is pre- 
ferred that the width 0 in the circumferential direction of 
the supplemental groove 44a is set within a range of not 
smaller than 0.5 time to not greater than 1 .5 times the 
width a in the rotor circumference direction of the wind- 
ing slot 47 of the stator field cores 41 facing the rotor 42. 
With this arrangement, an effect of cancelling the funda- 
mental wave of the cogging torque by the supplemental 
grooves 44a is improved, so that the cogging torque is 
further reduced. In this case, it is specifically preferable 
to set the width a of the winding slot 47 equal to the 
width 0 of the supplemental groove 44a, namely satisfy- 
ing a = p . 

In this motor, assuming that the radius of the sur- 
face of the stator field core 41 facing the permanent 
ntagnet rotor 42 is r, then it is preferred that a width Wt 
of the salient pole section 41 b of the stator field core 41 
\i set so that Wt > 3 • r • cose . With this arrangement, 
the flow of the magnetic flux in the salient pole section 
41b becomes smooth, so that the distortion of the mag- 
netic flux is reduced and the cogging torque is further 
reduced. 

: In this motor, it is preferred that a minimum width 
wy of the salient pole section of a yoke section between 
salient pole sections of the stator field core 41 and the 
width Wt of the salient pole section 41 b are set so that 
2-Wy^Wt. With this arrangement, the flow of the 
magnetic flux in the salient pole section 41b becomes 
smooth, so that the cogging torque is further reduced. 

Further, when driving this permanent magnet motor 
.by a sine wave, the torque pulsation can be further 
reduced by skewing the permanent magnet magnetic 
pole 43 by one half of the slot pitch. 

When the control system of the permanent magnet 
motor is sine wave drive, no_ torque pulsation, is gener- 
ated if the torque pulsation characteristic owned by the 
permanent magnet motor is a sine wave too. In this 
case, it is preferable to skew the permanent magnet 
rotor 42 within a range of not smaller than 0.4 time to not 
greater than one time the slot pitch of the stator field 
core 41 , and it is specifically preferable to skew h by 0.5 
time or 0.47 time. 

(Fifth Embodiment) 

Rg. 20 is a sectional view of a permanent magnet 
motor of the 8-pole 12-slot type according to a fifth 
embodiment of the present invention. Fig. 21 is an 
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- enlarged view of the essential part of the motor shqwn 
in Fig. 20. 

As shown in Figs. 20 and 21 , in this motor, a salient 
pole section 51c of each stator field core 51 is provided 
with two supplemental grooves 54b for the purpqse of s 
reducing the cogging torque, and these two supplemen- 
tal grooves 54b are arranged so that the aid portion on 
the winding slot side is positioned at angles of 7.5° and 
22.5° with respect to the winding slot center when 
viewed in the rotor circumference direction. io 

This motor is provided with a stator in which twelve 
stator field cores 51 are assembled into a circular arc 
shape or a semicylindrical shape. Then, each stator 
field core 51 (stator) is provided with the salient pole 
section 51c which is formed so as to protrude toward is 
the carter side (rotor center side) of the motor. A rotor 
52 (permanent magnet rotor) is arranged in a space 
inside the ring-shaped stator, and eight permanent 
magnet magnetic pdles 53 are fixed in a circular arc 
shape or a semicylindrical shape on the peripheral por- 20 
tion of this rotor 52. A winding is wound around a wind- 
ing slot 57 provided between adjacent two stator field 
cores 51. When a current is made to flow through this 
winding, the rotor 52 rotates to drive the motor. A tip por- 
tion of each salient pole section 51c, i.e., its surface 25 
(opposite surface) facing the permanent magnet rotor 
52 (permanent macpiet magnetic pole 53) is provided 
yvith two supplemental grooves 54b. 

Then, in this motor, as is apparent from Fig. 21 , the 
slot angle G of the salient pole section 51c is defined as 30 
an angle between a straight line which extends through 
the center (rotor center) of the permanent magnet rotor 
52 and an end portion on the winding slot side of the 
supplemental grooves 54b and a straight line which 
extends through the rotor center and the center of the 35 
winding slot 57 of the stator field cores 51 . Then, in this 
motor, an angle of the permanent magnet rotor 52 with 
respect to the length (circumference arc portion) in the 
rotor circumference direction of each permanent mag- 
net magnetic pole 53 is set to 66. an angle of the stator 40 
field core 51 with respect to the length in the rdtor cir- 
cumference direction is set to 40, and an angle corre- 
sponding to an interval (salient pole magnetic pole 
interval) in the rotor circumference direction between 
the winding slot side end portions of both the supple- 4s 
mental grooves 54b of the salient pole section 51 c is set 
to 28. 

Fig. 22 shows a relative positional relation and a 
relation of force between the permanent magnet mag- 
netic pole 53 and the salient pole section 51c in a motor so 
in which a magnetic field of the permanent magnet 
magnetic pole 53 is effectively utilized by increasing the 
area of the salient pole section 51c of the stator field 
core 51 facing the permanent magnet magnetic pole 53 
and a supplemental groove is provided for reducing the ss 
cogging torque. In this case, if its slot function G 12 is 
drawn, this slot function Q 12 can be separated into a 
fundamental wave component G 10 which causes no 



., cogging torque shown in Fig. 18 and higher harmonic 
components -G12M arid G 12 p Therefore, the greatest 
fundamental wave component can be removed when 
the cogging torque components are subjected to a 
higher harmonic analysis. In this case, the cogging 
torque which is actually generated is the higher har- 
monic component of the slot function. That is, the great- 
est fundamental wave component can be removed 
when the coggpng torque oorrponent is subjected, to a 
high©- harmonic analysis, arid the cogging torque which 
is actually generated by this becomes the higher har- 
monic component of the slot function. With this groove 
arrangement, the cogging torque is reduced. 

In the motor of this fifth embodiment, assuming that 
P is an integer not smaller than one, then the magnetic 
pole count of the rotor 52 is set to 2P and the salient 
pole count of the stator field cores 51 is set to 3R Then, 
as stated before, the salient pole section 51c of each 
stator field cores 51 is provided with two supplemental 
grooves 54b. Assuming that an angle between the sali- 
ent pole magnetic poles is 46, then the two supplemen- 
tal grooves 54b are arranged so that the end portions on 
the winding slot side are positioned at angles of 0 and 
38 with respect to the center of the winding slot 57 when 
viewed in the rotor circumference direction. 

In the motor of the fifth embodiment, it is preferred 
that the width p of the supplemental groove 54b in the 
rotor circumference direction is set within a range of not 
smaller thaii 0.5 time to not greater than 1 .5 times the 
width a in the rotor circumference direction of the wind- 
ing slot 57 of the stator field cores 51 facing the rotor 52. 
With this arrangement, an effect of cancelling the funda- 
mental wave of the cogging torque by the supplemental 
grooves 54b is improved, so that the cogging torque is 
further reduced. In this case, it is specifically preferable 
to set the width a of the winding slot 57 equal to the 
width p of the supplemental groove 54b, namely satisfy- 
ing a = p . 

In this motor, assuming that the radius of the sur- 
face of the stator field core 51 facing the rotor 52 is r, 
then it is more preferable to set the width Wt of the sali- 
ent pole section 51c of the stator field core 51 so that 
Wt > 3 • r • cose . With this arrangement, the flow of the 
magnetic flux in the salient pole section 51 c becomes 
smooth, so that the distortion of the magnetic flux is 
reduced and the cogging torque is further reduced. 

In this motor, it is preferable to set the minimum 
width Wy of a yoke section between salient pole sec- 
tions of the stator field core 51 and the width Wt of the 
salient pole section 51 c so that 2 • Wy £ Wt . With this 
arrangement, the flow of the magnetic flux in the salient 
pole section 51c becomes smooth, so that the cogging 
torque is further reduced. 

Further, when driving this permanent magnet motor 
by a sine wave, the torque pulsation can be further 
reduced by stewing the permanent magnet magnetic 
pole 53 by one half of the slot pitch. 

When the control system of the permanent magnet 
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motor is sine wave drive, no torque pulsation is gener- 
ated if the torque pulsation characteristic owned by the ■ , 

- permanent magnet motor is a sine wave too. In this 
case, it is preferable to skew the permanent magnet 
rotor 52 within a range of not smaller than 0.4 time to not s 

* greater than one time the slot pitch of the stator field 
core 51 , and it is specifically preferable to skew it by 0.5 
time or 0.47 time. 

INDUSTRIAL APPLICABILITY io 

As described above, the motor of the present inven- 
tion is useful as a permanent magnet motor and is 
appropriate for use in machine tools, garment manufac- 
turing machines, robots and the lite. is 

Claims 

1. A motor characterized in that the number of mag- 
netic poles of a rotor is set to 2P and the number of 20 
salient poles of a stator field core is set to 3P with 
respect to an integer P of not smaller than one, and 

a slot angle of the salient poles of the stator field 
core is set to 1/N of a magnetic pole angle with 
respect to an odd number N of not smaller than 25 
three. 

2. A motor characterized in that the number of mag- 
netic poles of a rotor is set to 2P and the number of 
salient poles of a stator field core is set to 3P with 30 
respect to an integer P of not smaller than one, 
each of the salient poles of the stator field core is 
provided with two supplemental grooves, and 
assuming that a salient pole magnetic interpolar 
angle is 46, then said two supplemental grooves 35 
are arranged in positions at angles of e and 30 with 
respect to a center of a winding slot in a circumfer- 
ential direction of the rotor. 

3. A motor as claimed in Claim 2, characterized in that 40 
said two supplemental grooves have their centers 
arranged respectively in the positions at angles of 6 
and 36 with respect to the center of the winding slot 

in the circumferential direction of the rotor. 

45 

4. A motor as claimed in Claim 2, characterized in that 
said two supplemental grooves have their end por- 
tions on the salient pole magnetic pole center side 
arranged in the positions at angles of 8 and 36 with 
respect to the center of the winding slot in the cir- so 
cumferential direction of the rotor. 

5. A motor as claimed in Claim 2, characterized in that 
said two supplemental grooves have their end por- 
tions on the winding slot side arranged in the posi- 55 
tions at angles of 8 and 36 with respect to the center 

of the winding slot in the circumferential direction of 
the rotor. 



6. A motor as claimed in Claim 1 or 2, characterized in 
that said rotor is slot-pitch-skewed within a range of 
not smaller than 0.4 time to not greater than one 
time of a salient pole slot of the stator field core. 

7. A motor as claimed in Claim 1 or 2, characterized in 
that said rotor is slot-pitch-skewed by 5/6 times of a 
salient pole slot of the stator field core. 

8. A motor as claimed in Claim 1 or 2, characterized in 
that said rotor is slot-pitch-skewed by 0.5 time of a 
salient pole slot of the stator field core. 

9. A motor as claimed in Claim 1 or 2, characterized in 
that said rotor is slot-pitch-skewed by 0.47 time of a 
salient pole slot of the stator field core. 

1 0. A motor as claimed in Claim 2, characterized in that 
a width a of the winding slot of the stator field core 
and a width p of said supplemental groove, which 
are facing said rotor, are set so that 
0.5a < p < 1.5a. 

1 1- A motor as claimed in Claim 2, characterized in that 
a width a of the winding slot of the stator field core 
and a width p of said supplemental groove, which 
are facing said rotor, are set so that a = p . 

1 2. A motor as claimed in Claim 1 or 2, characterized in 
that a width Wt of the salient pole of said stator field 
core is set with respect to a radius r of a surface of 
the stator field core facing said rotor and said 6 so 
that Wt > 3 • r • cose . 

1 3- A motor as claimed in Claim 1 or 2, characterized in 
that a minimum width Wy of a salient pole section of 
a yoke section between the salient poles of said 
stator field core and a width Wt of the salient pole 
are set so that 2 • Wy £ Wt . 
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